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Abstract 



PROBLEM TO BE SOLVED: To provide a ceramic heater provided with a cylindrical support in which a 
temperature distribution of the surface can be uniformalized and a rapid rise of a temperature of 20 
deg.C/min or more can be realized. 

SOLUTION: In a ceramic heater in which an upper surface of a ceramic body in which a resistant 
heating element 4 haying an approximately concentric heating element pattern Q is buried is a surface 
to place an object W to be heated and a cylindrical support made of ceramics is joined to a lower surface 
of the ceramic body described above, when a zone of an area Q1 positioned at an inner side than the 
cylindrical supporting body of the heating element pattern Q described above is defined as SI 
resistance of a resistant heating element 4a in the area Q1 is defined as R1 , a zone of an area Q2 
Hoelrih!? 3 k 30 out ^ side t ha n * he cylindrical supporting body of the heating element pattern Q 
described above is defined as S2 and resistance of a resistant heating element 4b in the area Q2 is 
defined as R1, R1/S1 is made 3-60% larger than R2/S2 
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[Title of the Invention] 
CERAMIC HEATER 

[Abstract] 

[Object] To provide a ceramic heater 1 comprising a cylindrical 
supporting body 6 and characterized in that the ceramic heater 1 
is capable of making the temperature distribution in a mounting 
face 3 even and quickly increasing the temperature at 20°C/min 
or more rate. 

[Solution] The ceramic heater 1 is one comprising a ceramic body 
2 in which resistance heating elements 4 having an 
approximately concentric heating pattern Q are embedded and 
whose top face is used as a mounting face 3 for an object W to be 
heated and a cylindrical support 6 made of a ceramic and joined 
to the down face of the foregoing ceramic body 2 and the ceramic 
heater with such a structure is made so as to satisfy that the 
ratio Rl/Sl is higher by 3 to 60% than the ratio R2/S2, wherein 
SI stands for the surface area of the region Ql of the heating 
pattern Q positioned in the inside of the cylindrical support 6; 
Rl stands for the resistance value of the resistance heating 
elements 4a in the region Ql; S2 stands for the surface area of 
the region Q2 of the heating pattern Q positioned in the outside 
of the cylindrical support 6; and R2 stands for the resistance 



value of the resistance heating elements 4b in the region Q2. 



[Claim] 

1. A ceramic heater comprising a ceramic body 
embedding resistance heating elements having an approximately 
concentric or spiral heating pattern therein and having the top 
face as a mounting face for an object W to be heated and a 
cylindrical support made of a ceramic and joined to the down 
face of the ceramic body, wherein the ceramic heater is made so 
as to satisfy that the ratio Rl/Sl is higher by 3 to 60% than the 
ratio R2/S2 wherein SI stands for the surface area of the region 
Ql of the heating pattern Q positioned in the inside of the 
cylindrical support 6; Rl stands for the resistance value of the 
resistance heating elements 4a in the region Ql; S2 stands for 
the surface area of the region Q2 of the heating pattern Q 
positioned in the outside of the cylindrical support 6; and R2 
stands for the resistance value of the resistance heating 
elements 4b in the region Q2. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The invention relates to a ceramic heater, particularly a 
ceramic heater to be used for a film formation apparatus for 
CVD, PVD, sputtering or the like, and above all, a ceramic 
heater suitable for a semiconductor fabrication apparatus. 



[0002] 
[Prior Art] 

Conventionally, in the fabrication process of a 
semiconductor device, a stainless heater has been used as a heat 
source for heating at temperatures for various treatments of a 
semiconductor wafer (hereinafter referred to as wafer) in a film 
formation apparatus for CVD, PVD, sputtering or the like 
capable of forming a thin film on the wafer. 
[0003] 

However, in the film formation apparatus, since an 
intensely corrosive halogen-type gas such as chlorine type, 
fluorine type or the like is used as a deposition gas or a cleaning 
gas, there occur problems that free particles are generated by 
exposure to such a gas and that heat efficiency is deteriorated to 
result in inverse effects on the quality of a film to be grown and 
the thickness of the film. 
[0004] 

In order to solve such problems, a ceramic heater 
comprising resistance heating elements embedded in a dense and 
highly corrosion resistant ceramic is proposed. 
[0005] 

As the general structure of the ceramic heater 11 shown 
in Figs. 5(a), 5(b), the ceramic heater 11 comprises a disk-like 
dense ceramic body 12 and, for example, resistance heating 
elements 14 in a spiral heating pattern P shown in Fig. 6 are 



embedded therein and the resistance heating elements 14 are 
made of a single material such as tungsten or molybdenum and 
made to have uniform line width and line thickness. Further, 
the top face of the ceramic body 12 is made to be a mounting face 
13 for mounting an object W to be heated such as a wafer or the 
like thereon and heating it to a prescribed temperature and a 
cylindrical support 16 made of a ceramic for disposing the 
ceramic heater 11 in a reaction treatment chamber (not 
illustrated) is joined to the center of the down face of the 
ceramic body 12, the inside and the outside of the reaction 
treatment chamber is air-tightly sealed by the cylindrical 
support 16 and further, electricity supply terminals 15 for 
applying electricity to the resistance heating elements 14 from 
the inside of the cylindrical support 16 are led to the outside of 
the reaction treatment chamber (see Japanese Unexamined 
Patent Publication No. 6-28258). 
[0006] 

[Problems to be Solved by the Invention] 

Although a W film has been used as a film material to 
form a film on a wafer in film formation process so far, recently 
owing to variation of film materials, a Ti film, a Si0 2 film, and a 
WSix film tend to be used and following that, film formation is 
required to be carried out at a treatment temperature in a range 
of 500°C to 900°C, which has been about 400°C before. Further, 
in order to increase the productivity, the treatment time, 



especially, the time taken to raise the temperature of the 
ceramic heater 11 to a prescribed treatment temperature is 
needed to be as short as possible and it is required to carry out 
quick temperature increase at 20°C/min or more, which has been 
5 to 10°C/min before. However, if the ceramic heater 11 is 
heated, heat release, meaning that the heat is released to a 
reaction treatment chamber through a cylindrical support 16 
takes place, the heat quantity in the center of the ceramic 
heater 11 where the cylindrical support 16 is positioned becomes 
smaller than that in peripheral parts and, accordingly, the even 
heating of a mounting face 13 is inhibited. Therefore, the film 
quality and the film thickness differ in every film formation and 
it becomes impossible to stably form thin films with constant 
quality. 
[0007] 

Moreover, if the heat release is significant, intense 
thermal stress is generated in the ceramic heater 11 to result in 
a problem that cracks are formed in the ceramic heater 11. 
Especially, this problem tends to become more serious problem 
as the temperature increase rate is increased more. 
[0008] 

[Means for Solving the Problems] 

In consideration of the above-mentioned problems, the 
invention provides a ceramic heater which comprises a ceramic 
body embedding resistance heating elements having an 



approximately concentric or spiral heating pattern therein and 
having the top face as a mounting face for an object W to be 
heated and a cylindrical support made of a ceramic and joined to 
the down face of the ceramic body and which is characterized in 
that the ceramic heater is made so as to satisfy that the ratio 
Rl/Sl is higher by 3 to 60% than the ratio R2/S2 wherein SI 
stands for the surface area of the region Ql of the heating 
pattern Q positioned in the inside of the cylindrical support 6; 
Rl stands for the resistance value of the resistance heating 
elements 4a in the region Ql; S2 stands for the surface area of 
the region Q2 of the heating pattern Q positioned in the outside 
of the cylindrical support 6; and R2 stands for the resistance 
value of the resistance heating elements in the region Q2. 
[0009] 
[Operation] 

According to the invention, since the resistance value of 
the resistance heating elements per unit surface area in the 
region in the inside of the cylindrical support (Rl/Sl) is made 
higher than the resistance value of the resistance heating 
elements per unit surface area in the region in the outside of the 
cylindrical support (R2/S2), the heat to be released through the 
cylindrical support is compensated and the temperature 
distribution in the mounting face can be made even. Further, 
since the resistance value (Rl/Sl) is made higher by 3 to 60% 
than the resistance value (R2/S2), it is made possible to obtain a 



ceramic heater which is not cracked even if rapid heating at 

20°C/min or more heating rate is carried out. 

[0010] 

[Embodiments of the Invention] 

Hereinafter, embodiments of the invention will be 
described. 
[0011] 

Fig. 1(a) is a perspective view of a ceramic heater of the 
invention. Fig. 1(b) is a cross-sectional view along the X-X line 
of the ceramic heater Fig. 1(a) comprising a disk-like ceramic 
body 2 embedding resistance heating elements 4 therein and 
having the upper face of the ceramic body 2 as a mounting face 3 
of an object W to be heated. A cylindrical support 6 made of a 
ceramic for disposing the ceramic heater 1 in a reaction 
treatment chamber (not illustrated) is joined to the center of the 
down face of the ceramic body 2, and the inside and the outside 
of the reaction treatment chamber is air-tightly sealed by the 
cylindrical support 6 and further the electricity supply terminals 
5 for electricity application to the resistance heating elements 4 
are led to the outside of the reaction heating chamber from the 
inside of the cylindrical support 6. 
[0012] 

Further, the heating pattern of the resistance heating 
elements 4 embedded in the ceramic body 2 is made, for example, 
approximately concentric as shown in Fig. 2 and in the case the 



surface area of the heating pat t er „ Q is defined as s> a> surface 
area S is adjusted to be 80% „ r more in the en[ire ^ 

3. The pattern shape of the heating pattern Q is not limited to 
that shown in Fig . 2 and ca „ „, my ^ ^ ^ ^ ^ 

shape shown in Fig. 6 with which even heating can be carried 

out. 

[0013] 

The invention is characterized in that the resistance 
vaiue of the resistance heating elements per unit surface area in 
the region in the inside of the cylindrical support (Rl/ S1) ,. 
made higher than the resistance va,ue of the resistance heating 
elements per unit surface area in the region in the outside of the 
cylindrical support (R2/S2), wherein SI stands for the surface 
area of the region Q1 of the heating pattern Q positioned in the 
-side of the outermost circumference ofthe cy.indrical support 
* El stands for the resistance value ofthe resistance heating 
elements 4a in the region Ql positioned in the inside ofthe 
outermost circumference of the cylindrical support 6; S2 stands 
for the surface area ofthe region Q2 positioned .„ ^ ^ 
the outermost circumference ofthe cylindrical support 6, and E 2 
stands for the resistance value of the resistance heating 
elements 4b in the region Q2 positioned ; „ ^ ^ ^ 

outermost circumference ofthe cylindrical support 6. 
[0014] 

That is, when the ceramic heater 1 is heated, heat is 
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released to the reaction treatment chamber through the 
cylindrical support 6 and heat release takes place and even 
heating of the mounting f ace 3 is inhibited and especially, at the 
time of increasing the temperature, significant thermal stress is 
generated in the boundary of the center of the ceramic heater 1 
to which the cylindrical support 6 i 5 joined and the periphery of 
the ceramic heater 1 to which no cylindrical support 6 is joined 
and therefore, there is a risk of occurrence of cracking of the 
ceramic heater 1. Since the resistance value of the resistance 
heating elements 4a in the region Ql of the heating pattern Q 
positioned in the inside of the cylindrical support 6 per unit 
surface area (Rl/Sl) is ma de higher than the resistance value of 
the resistance heating elements 4b in the region Q2 positioned 
in the outside of the cylindrical support 6 per unit surface area 
(R2/S2) and the heat radiation quantity in the center of the 
ceramic heater 1 to which the cylindrical support 6 is joined is 
made higher than that in the peripheral part, the heat loss due 
to the heat release can be compensated and the temperature 
distribution in the mounting face 3 can be made even and 
further since the heat radiation quantity in the center of the 
ceramic heater 1 can be made higher than that in the periphery 
at the time of raising the temperature, the thermal stress 
generated in the ceramic heater 1 can be moderated and 
damages on the ceramic heater 1 attributed to the rapid 
temperature rising rate can be prevented. 



[0015] 

However, it is important that the resistance value (Rl/Sl) 
is made higher by 3 to 60%, preferably 5 to 20%, than the 
resistance value (R2/S2). 
[0016] 

That is because if the resistance value (Rl/Sl) is higher 
by less than 3% than the resistance value (R2/S2), the heat loss 
due to the heat release from the cylindrical support 6 cannot be 
compensated and the temperature in the center of the mounting 
face 3 could be lower than in the periphery to make it impossible 
to obtain even temperature distribution and at the same time, 
significant thermal stress might be generated in the ceramic 
heater 1 and cracking might occur at the time of raising 
temperature and on the contrary, if the resistance value (Rl/Sl) 
is higher by more than 60% than the resistance value (R2/S2), 
since the heat radiation quantity by the resistance heating 
elements 4a becomes too high due to the heat release from the 
cylindrical support 6, the temperature in the center of the 
mounting face 3 could be higher than in the periphery to make it 
impossible to obtain even temperature distribution and at the 
same time, significant thermal stress might be generated at the 
time of raising temperature to result in cracking of the ceramic 
heater 1. 

[0017] 

The method for calculating the resistance value (Rl/Sl) 
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and the resistance value (R2/S2) from the ceramic heater 1 to 
which the cylindrical support 6 is joined may be carried out, for 
example, in the case of the ceramic heater 1 having the heating 
pattern Q shown in Fig. 2, by cutting the cylindrical support 6 at 
first, analyzing the shape of the heating pattern Q embedded in 
the ceramic body 2 by radiating x-ray, and defining the surface 
area in the region Ql positioned in the inside of the cylinder as 
SI and the surface area in the region Q2 positioned in the 
outside of the cylinder as S2. 
[0018] 

Meanwhile, the resistance value Rl of the resistance 
heating elements 4a in the region Ql positioned in the inside of 
the cylindrical support 6 and the resistance value R2 of the 
resistance heating elements 4b in the region Q2 positioned in 
the outside of the cylindrical support 6 are measured as the 
resistance value Rl of the resistance heating elements embedded 
in a disk-like ceramic body and the resistance value R2 of the 
resistance heating elements embedded in a ring-like ceramic 
body, respectively, in the cases the ceramic body 2 is divided 
along the outermost circumference of the cylindrical support 6 
into the disk-like ceramic body and the ring-like ceramic body 
and the resistance value (Rl/Sl) and the resistance value 
(R2/S2) are calculated from these measured values. 
[0019] 

The following method is applicable for changing the 
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resistance values (Rl/Sl) and (R2/S2) of the resistance heating 

elements 4a and 4b per unit surface area. 

[0020] 

(In the case of forming resistance heating elements 4 by screen 
printing) 

(1) A method by making the thickness of the resistance 
heating elements 4a, 4b similar and making the line width of the 
resistance heating elements 4a different from that of the 
resistance heating elements 4b. That is, the line width of the 
resistance heating elements 4a is made narrower than that of 
the resistance heating elements 4b. 

[0021] 

(2) A method by making the line width of the resistance 
heating elements 4a, 4b similar and making the thickness of the 
resistance heating elements 4a different from that of the 
resistance heating elements 4b. That is, after the resistance 
heating elements 4a and resistance heating elements 4b are 
printed by screen printing, resistance heating elements are 
again layered on the portion corresponding to the resistance 
heating elements 4b by screen printing. 

[0022] 

(3) A method by making both of the thickness and the line 
width of the resistance heating elements 4a and 4b respectively 
similar and making the compositions of the resistance heating 
elements 4a and the resistance heating elements 4b different. 
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For example, in the case the resistance heating elements are 
formed mainly from tungsten, the addition amount of tungsten 
carbide to the resistance heating elements 4b is made higher 
than the addition amount of tungsten carbide to the resistance 
heating elements 4a, so that the resistance value of the 
resistance heating elements 4a per unit surface area (Rl/Sl) can 
be higher than the resistance value of the resistance heating 
elements 4b per unit surface area (R2/S2). 
[0023] 

(In the case of using a wire for the resistance heating elements 4 

(4) A method by making the thickness of the resistance 
heating elements 4a, 4b similar and changing the number of the 
turns of the resistance heating elements 4a and the resistance 
heating elements 4b. That is, the number of the turns of the 
resistance heating elements 4a is made higher than that of the 
resistance heating elements 4b. 
[0024] 

There are following two methods as a method for 
producing the ceramic heater 4 comprising the resistance 
heating elements 4 embedded therein by the above-mentioned 
methods. 
[0025] 

At first, the first method is carried out by producing a 
conductive ink containing a high melting point metal or a 
conductive ceramic, forming the heating pattern Q by using the 

13 



above methods (1) to (3), for example, shown in Fig. 2 on a 
ceramic green sheet composing the ceramic body 2 from the ink 
by screen printing, and then layering other ceramic green sheets 
on the forgoing ceramic green sheet so as to cover the heating 
pattern Q to obtain a green sheet laminate. After that, the 
green sheet laminate is formed into a prescribed shape by 
cutting process and fired at a temperature at which the 
respective ceramic raw materials can be sintered to form the 
ceramic body 2 embedding the resistance heating elements 4 
therein. 
[0026] 

The second method is carried out by using a wire made of 
a high melting point metal for the resistance heating elements 4, 
arranging the spiral wiring, which is produced from the wire by 
the method (4), in the heating pattern Q, for example, shown in 
Fig. 2 in ceramic raw materials, unitedly sintering the resulting 
body by hot press method, and the forming the obtained body 
into a prescribed shape by grinding process to obtain the ceramic 
body 2 embedding the resistance heating elements 4 therein. 
[0027] 

The ceramic body 2 obtained by these methods are 
subjected to grinding process for one main face to form a 
mounting face 3 and piercing process for the other main face to 
form recessed parts communicated to the resistance heating 
elements 4 and electricity supply terminals 5 are joined to the 
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recessed parts by soldering or other methods to form a ceramic 

heater 1. 

[0028] 

On the other hand, the cylindrical support 6 is formed by 
forming ceramic raw materials into a prescribed cylindrical 
shape by a common ceramic molding method such as an injection 
molding method, an extrusion molding method, a hydroisostatic 
pressing method, or the like and then firing the molded body at 
a temperature at which the ceramic raw materials can be 
sintered. 
[0029] 

The cylindrical support 6 is joined to the center of the 
down face of the ceramic body 2 so as to enclose the electricity 
supply terminals 5 of the ceramic body 2 either by glass joining 
or diffusion joining or in the case that the ceramic body 2 and 
the cylindrical support 6 are made of similar ceramics, by 
inserting a slurry of the above-mentioned ceramic raw materials 
between the joining faces of the ceramic body 2 and the 
cylindrical support 6 and unitedly sintering them to obtain the 
ceramic heater 1. 
[0030] 

Incidentally, with respect to the above-mentioned heating 
pattern Q, even if the resistance value of the resistance heating 
elements 4a in the region Ql in the inside of the cylindrical 
support 6 per unit surface area (Rl/Sl) and the resistance value 
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of the resistance heating elements 4b in the region Q2 in the 
outside of the cylindrical support 6 per unit surface area (R2/S2) 
are set in the above-mentioned range, in the case the thermal 
conductivity of the ceramic body 2 is less than 40 W/mK, the 
heat generated by the resistance heating elements 4 cannot be 
efficiently transmitted to the entire body of the ceramic body 2 
and accordingly the evenly heating capability of the ceramic 
material is eliminated and even heating of the mounting face 3 
in the case of a large ceramic heater 1 cannot be accomplished. 
Moreover, if the thickness of the ceramic body 2 is thick, the 
temperature distribution is caused in the thickness direction of 
the ceramic body 2 and thermal stress is generated to cause 
cracking in the interface where the resistance heating elements 
4 are embedded in some cases. 
[0031] 

Moreover, since an intensely corrosive halogen type gas 
such as a chlorine type gas, fluorine type gas or the like is used 
for a gas for deposition or a gas for cleaning in a film formation 
apparatus, it is required to provide high corrosion resistance to 
such a halogen type gas. 
[0032] 

For that, it is important to use a ceramic having a 
thermal conductivity of 40 W/mk or more and high corrosion 
resistance to the halogen type gas for composing the ceramic 
body 2 and those having a thermal conductivity as high as 
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possible are preferable to be used. 
[0033] 

Practically, ceramics containing alumina, aluminum 
nitride, or boron nitride as a main component can be used and 
ceramics containing aluminum nitride as a main component are 
preferable among them. 
[0034] 

Further, the thermal conductivity of the cylindrical 
support 6 to be joined to the foregoing ceramic body 2 is 
desirable to be equal to or more than that of the ceramic body 2. 
That is because if the thermal conductivity of the cylindrical 
support 6 is remarkably lower than that of the ceramic body 2, 
the heat transmission is extremely slight when heat is generated 
by the ceramic heater 1 and the thermal stress is converged on 
the joining interface of the ceramic heater 2 and the cylindrical 
body 6 to result in separation of the cylindrical support 6 from 
the joining interface. Incidentally, similar ceramics containing 
alumina, aluminum nitride or boron nitride as a main component 
to those for the ceramic body 2 can be used for a ceramic 
composing the cylindrical support 6 and especially, in terms of 
improvement of the joining strength, a similar type ceramic to 
that of the ceramic body 2, moreover, the same ceramic as that 
of the ceramic body 2, may be used preferably. The similar type 
ceramic means those having an identical main component and 
the same ceramic means those having not only the identical 
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main component but also identical compositions and properties. 
[0035] 

As the resistance heating elements 4 to be embedded in 
the ceramic body 2, are used a high melting point metal such as 
tungsten, molybdenum, platinum, rhenium and the like, its alloy, 
or a carbide or nitride of Group IVA, VA, VIA elements and those 
having a thermal expansion coefficient close to that of the 
ceramic composing the ceramic body 2 may be properly selected 
and used. 
[0036] 

Accordingly, use of the ceramic heater 1 of the invention 
makes it possible to give an even temperature distribution with 
a temperature dispersion within 10% at the treatment 
temperature and prevent cracking even in a condition of rapid 
temperature rise at 20°C/min or more, that has not been 
accomplished before. 
[0037] 
(Examples) 

After a slurry was produced by adding a binder, a solvent, 
a plasticizer, and the like to an A1N powder with 99.9% purity 
and mixing the mixture by a rotary mill for about 24 hours, a 
plurality of green sheets of A1N were produced by doctor blade 
method. 
[0038] 

On the other hand, for resistance heating elements 4, a 
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conductive ink was produced by adding a solvent, a plasticizer, a 
dispersant, and the like to a tungsten powder, kneading and 
pulverizing the mixture by a rotary mill, further adding a binder 
to the mixture, mixing it, and subjecting the obtained mixture to 
vacuum degreasing. 
[00391 

A heating pattern Q in which the line width of resistance 
heating elements 4a are constant, which is formed into an 
approximately concentric shape from the conductive ink by 
screen printing, and which is positioned in such a manner that 
the width of the resistance heating elements 4a in the center 
thereof was controlled to be narrower than that of the resistance 
heating elements 4b positioned in the periphery thereof was laid 
on a laminate, which is obtained by layering a plurality of A1N 
green sheets. Then, the remaining A1N green sheets were 
layered further thereon so as to cover the heating pattern Q and 
the obtained body was thermally bonded to obtain a green sheet 
laminate. The green sheet laminate was ground in a disk-like 
shape and then subjected to degreasing process at a temperature 
of several hundred degrees in nitrogen atmosphere and fired at a 
temperature of 2000 to 2010°C to produce an aluminum 
nitride-based ceramic body 2 in a disk-like shape with an outer 
diameter of about 300 mm and a thickness of about 15 mm. 
The composition of the aluminum nitride composing the 
foregoing ceramic body 2 was found a high purity aluminum 
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nitride ceramic with an aluminum nitride content as high as 
99.8% by weight according to the measurement by ICR 
[0040] 

Further, in the heating pattern Q to be embedded in the 
ceramic body 2, the resistance value of the resistance heating 
elements 4a in the region Ql positioned in the inside of the 
cylindrical support 6, whose joining will be described later, per 
unit surface area (Rl/Sl) and the resistance value of the 
resistance heating elements 4b in the region Q2 positioned in 
the outside of the cylindrical support 6 per unit surface area 
(R2/S2) were respectively measured and found to be 0.48 ft/cm 2 
and 0.36 D/cm 2 and the resistance value (Rl/Sl) was found 
higher by 33% than the resistance value (R2/S2). 
[0041] 

Next, one main face of the obtained ceramic body 2 was 
polished to a roughness of 0.1 um on the basis of arithmetical 
mean deviation (Ra) to form a mounting face 3 and at the same 
time, the other main face of the ceramic body 2 was pierced to 
form two recessed parts communicated to the resistance heating 
elements 4 and then electricity supply terminals 5 made of an 
Fe-Co-Ni alloy were fixed in the recessed parts by soldiering 
using a silver-copper solder to obtain a ceramic heater 1. 
[0042] 

Then, a cylindrical support 6 in a cylindrical shape with 
an outer diameter of 70 mm and a thickness of 10 mm and made 
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of an aluminum nitride ceramic same as that of the ceramic body 

2 was joined to the down face of the ceramic heater 1. 

[0043] 

When the mounting face 3 was heated at a set 
temperature of 700°C by applying a direct current voltage of 170 
V to the ceramic heater 1 and the temperature of the mounting 
face was measured by a radiation thermometer (trade name: 
Thermoviewer), the average temperature of the mounting face 3 
was 694°C as shown in Fig. 3 and even the lowest temperature 
in the face could be kept in 15°C difference from the set 
temperature and accordingly the temperature dispersion was 
suppressed to 2% or less to the set temperature 700°C and 
evenly heating property was obtained. 
[0044] 

On the other hand, for comparison, a ceramic heater 11 
was produced by the same manner as that of Example, except 
that resistance heating elements 14 with the same heating 
pattern shape as shown in Fig. 2 but not subjected to the 
resistance adjustment were embedded in the ceramic body 12 
and the mounting face 13 was heated by applying a direct 
current voltage of 170 V to the ceramic heater 11 and the 
average temperature of the mounting face 13 was found to be 
654°C as shown in Fig. 4 and the lowest temperature thereof was 
found to be lower by as large as 114°C relative to the set 
temperature and thus the temperature dispersion was as 
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significant as 16.2% at the set temperature of 700°C. 

[0045] 

(Example 1) 

With respect to the ceramic heater 1 of Example, 
experiments were carried out for confirming the temperature 
distribution in the mounting face 3 in the case that the 
resistance value of the resistance heating elements 4a in the 
region Ql positioned in the inside of the cylindrical support 6 
(Rl/Sl) and the resistance value of the resistance heating 
elements 4b in the region Q2 positioned in the outside of the 
cylindrical support 6 per unit surface area (R2/S2) were made 
different from each other. 
[0046] 

The respective results are as shown in Table 1. 

[0047] 

As a result, it was understood that the temperature 
dispersion of the mounting face 3 could be suppressed to 10% or 
less by controlling the resistance value (Rl/Sl) to be higher by 
not lower than 3% and not higher than 60% than the resistance 
value (R2/S2). Especially, it was made possible to suppress the 
temperature dispersion of the mounting face by controlling the 
resistance value (Rl/Sl) to be higher by not lower than 5% and 
not higher than 50% than the resistance value (R2/S2), thus 
giving excellent even heating property. 



22 



[0048] 
[Table 1] 
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[0049] 

(Example 2) 



Experiments were carried out for investigating the 
durability of the ceramic heater 1 used for Example 1 in the case 
of varying the temperature rising rate of the ceramic heater 1. 
[0050] 

The respective results are as shown in Table 2. 

[0051] 

As a result, it was understood that no cracking took place 
in the ceramic heater 1 even in the case the temperature rising 
rate was as high as 20°C/min by controlling the resistance value 
(Rl/Sl) to be higher by not lower than 3% and not higher than 
60% than the resistance value (R2/S2). Especially, it was made 
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possible to prevent occurrence of cracking in the ceramic heater 
1 even in the case the temperature rising rate was as high as 
50°C/min by controlling the resistance value (Rl/Sl) to be higher 
by not lower than 5% and not higher than 50% than the 
resistance value (R2/S2), giving excellent durability. 
[0052] 
[Table 2] 
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* shows out of the scope of the present invention 

O denotes no cracking; X denotes occurrence of cracking 

[Effects of the Invention] 



As described above, according to the invention, with 
respect to a ceramic heater comprising a ceramic body 
embedding resistance heating elements having an approximately 
concentric or spiral heating pattern therein and having the top 
face as a mounting face for an object W to be heated and a 
cylindrical support made of a ceramic and joined to the down 
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face of the ceramic body, since the ratio Rl/Sl is made higher by 
3 to 60% than the ratio R2/S2 wherein Si stands for the surface 
area of the region of the heating pattern positioned in the inside 
of the cylindrical support; Rl stands for the resistance value of 
the resistance heating elements positioned in the inside of the 
cylindrical support; S2 stands for the surface area of the region 
of the heating pattern positioned in the outside of the cylindrical 
support; and R2 stands for the resistance value of the resistance 
heating elements in the outside of the cylindrical support, the 
heat to be released through the cylindrical support can be 
compensated and the temperature distribution in the mounting 
face can be made even and consequently, a ceramic heater which 
is not cracked even if the temperature is quickly raised at 
20°C/min or more rising rate and thus has high reliability can be 
obtained. 
[0054] 

Moreover, since the ceramic body and cylindrical support 
composing the ceramic heater are made of a ceramic having high 
corrosion resistance and plasma resistance to a halogen type gas 
and plasma, even if the ceramic heater is used for the a film 
formation apparatus and an etching apparatus, it can be used 
for a long duration and since dust is scarcely generated 
following the corrosion or wear, even if the ceramic heater is 
used for, for example, a semiconductor fabrication apparatus, it 
does not cause no inverse effect on a semiconductor wafer. 
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[Brief Description of the Drawings] 

Fig. 1(a) is a perspective view of a cut portion of a ceramic 
heater of the invention and Fig. 1(b) is a cross-sectional view 
along the X-X line in Fig. 1(a). 

Fig. 2 is a heating pattern embedded in the ceramic 
heater shown in Figs. 1(a) and 1(b). 

Fig. 3 is an illustration showing the temperature 
distribution in the mounting face of the ceramic heater of the 

invention. 

Fig. 4 is an illustration showing the temperature 
distribution in the mounting face of a conventional ceramic 
heater. 

Fig. 5(a) is a perspective view of a cut portion of a 
conventional ceramic heater and Fig. 5(b) is a cross-sectional 
view along the X-X line in Fig. 5( a ). 

Fig. 6 is a heating pattern embedded in the ceramic 
heater shown in Figs. 5(a) and 5(b). 
[Description of the Symbols] 

1, 11: ceramic heater 

2, 12: ceramic body 

3, 13: mounting face 

4 (4a, 4b), 14: resistance heating element 

5, 15: electricity supply terminal 

6, 16: cylindrical support 
Q, P: heating pattern 
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Ql: region positioned in the inside of cylindrical support 
Q2: region positioned in the outside of cylindrical support 
S: entire surface area of heating pattern 

Rl: resistance value of resistance heating element in region S 
R2: resistance value of resistance heating element in region S 
W: object to be heated 
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